We investigated whether the relationship between the mean left anterior descending and septal coronary blood flow and the mean perfusion pressure varies with left circumflex coronary stenosis. We used excised, perfused canine heart preparations (n=10), in which variables to influence the myocardial oxygen demand and supply relation can be fairly well controlled. The results showed that coronary blood flow in the adjacent, non-stenosed coronary artery increased significantly following LCX stenosis; this increased flow was found at the same values of heart rate, left ventricular end-diastolic pressure and perfusion pressure, as those in the preischemic state. Moreover, this increased flow was also observed when the values of peak left ventricular pressure and pressurelength loop area were similar between the pre-ischemic and ischemic states. Thus, contributions of neurohumoral factors or alterations in mechanical factors determining the myocardial oxygen demand and supply relation are negligible. This increased flow may be important in maintaining overall cardiac function in cases of acute coronary stenosis or coronary occlusion. 
Arterial pressure and arterial blood gas of the support dog were monitored and adjusted to within their physiologic ranges by means of blood transfusions, sodium bicarbonate or lactated Ringer's solution and by controlling ventilation and O2 inhalation. We maintained the arterial PO2 at 75-95 mmHg, PCO2 at 34-46mmHg, pH at 7.33-7.45 and hemoglobin concentration at 11-15g/dl. Coagulation was prevented with heparin calcium (Eisai Co Ltd); 10,000 U i.v. initially and 5,000 U i.v. every hour thereafter.
A servo-controlled coronary perfusing system was used following defibrillation of the excised hearts. In this perfusion system, the difference between mean aortic pressure and mean perfusion pressure was within 2mmHg in a steady state of hemodynamics.8) It should be noted, however, that the pressure drop due to the Gregg-type cannula was 2.0, 3.0 and 3.8mmHg at flow rates of 60, 88 and 98 ml/min, respectively.
Measurements
Left coronary perfusion pressure (PP) was measured from the side arm of the perfusion line just before the Gregg-type cannula, using a strain gauge pressure transducer (Tokyo Sokki, MPU 0.5). The pressure drop through the cannula was disregarded in the present analysis of the coronary perfusion pressure-flow relationship. The zero-pressure reference was taken to be the middle level of the heart. Mean left coronary blood flow was measured with an extracorporeal type probe (3mm ID, Nihon Kohden, type FF-030T) positioned on the perfusion line. Furthermore, a corporeal type probe (2mm ID, Nihon Kohden, type FS-020T) was positioned near the origin of the LCX branch. The flow transducers were connected to an electromagnetic flowmeter (Nihon Kohden). The values of mean LAD+S blood flow (LADF) were calculated by subtracting the mean LCXF from the mean left coronary blood flow. The baseline coronary flow was measured by momentary occlusion of the distal part of each flow probe. Cardiac output was measured by collecting the amount of saline ejected during a 20 sec period. The left ventricular pressure and aortic pressure were also measured, as described above.
Pressures, flows and regional dimensions were recorded on a direct pen recorder (Sanei Sokki, 8 channel Rectigraph) and on magnetic tape (Sony Magnescale Inc, model UFR 71460 S).
Experimental conditions and protocol
Following implantation of the ultrasonic crystals, we set the mean aortic pressure at 100mmHg at the Rp II value (pre-ischemic control condition) by adjusting the height of the preload reservoir containing saline. Thus, although left ventricular end-diastolic pressure was different from heart to heart (3- derived from overall experimental data (n=6) in pre-ischemic and ischemic states. Fig.3b , though, shows the perfusion pressure-coronary flow relationship in the LAD+S branches. As shown in Fig.3b , the relationship in the LAD+S branches shifted to the left following LCX stenosis. The following four equations were obtained (Table II) :
(1) LADF=-40.60+17.63S+0.85PP (2) LCXF=-0.54-21.87S+0.49PP (3) PP/LADF=2.714-0.439S-0.003PP (4) PP/LCXF=5.392+1.884S-0.038PP where S=1 for the data taken with LCX stenosis and S=0 for the data taken without LCX stenosis (Units: LADF and LCXF, ml/min; PP, mmHg; PP/ LADF and PP/LCXF; mmHg/ml/min, for significances of the parameters, see Table II . Abbreviations: LADF=mean LADF; LCXF=mean LCXF; PP=mean coronary perfusion pressure). 2. Pressure-length loop areas in the LAD region due to alteration of Rp values with and without LCX stenosis As shown in Fig.4 , pressure-length loop areas in the LAD region following LCX stenosis appeared to be the same as in each corresponding preischemic state at relatively lower ranges of Rp. Also, there was no significant difference between pre-ischemic and ischemic values for identical Rp values, although pressure-length loop areas in the LAD region following LCX stenosis were likely to be larger at equivalent mean aortic pressure values (Fig.5) .
DISCUSSION
According to previous studies1),2),5),6) small but consistent increases in coronary blood flow are observed in one major branch of the left coronary Jpn. Heart J. M ay 1986
Fig.5. This figure shows the larger pressure-length loop areas of the LAD region (n=6) following LCX stenosis at a given mean perfusion pressure (abscissa), compared with those in the pre-ischemic state, however, no significant difference was found.
artery within 1-2min after occlusion of another major branch, although the opposite result has been reported with coronary embolization.3) However, there are relatively few studies which deal with the perfusion pressure-coronary flow relationship in the presence of coronary artery stenosis.5) Furthermore, the perfusion pressure-coronary flow relationships of the non-stenosed coronary artery have not been investigated in controlled conditions or under a relatively wider range of coronary perfusion pressures or coronary blood flows. Accordingly, it is uncertain whether blood flow changes in the nonstenosed coronary artery are due to changes in the myocardial oxygen demandsupply relation or whether changes in pressure-flow relations are always present at any perfusion pressure or coronary blood flow level.
The present study showed that, following stenosis of the adjacent LCX artery, the perfusion pressure-coronary flow relationship of a non-stenosed coronary artery significantly shifted to the left, indicating a decrease in coronary resistance at all perfusion pressures tested. This decrease in coronary resistance did not seem to relate to a greatly augmented mechanical function in the perfused area.
Although our experimental model has several useful features, we must consider the following methodological limitations.
First, we used excised per- pressure was kept constant throughout the intervention, the pressure-length loop in the non-ischemic LAD area did not significantly increase following LCX stenosis. Thus, although pressure-length loop area is only an approximate index of the regional work, it seems unlikely that a greatly augmented myocardial function in the non-ischemic LAD area is the main factor responsible for increased blood supply to that region. A contribution of collateral flow has been discounted in the coronary occlusion model.1),18) On the contrary, Messina et al19) recently reported that collateral flow may have an important effect on the assessment of pressure-flow relations in an adjacent coronary artery, when pressure gradients between branches of the left coronary artery are present. Finally, independent of the mechanism(s) of increased coronary flow of an adjacent non-stenosed coronary artery, there is the possibility that this phenomenon may be important in salvaging the ischemic border zone through an increase of "the perfusion mass" of the non-ischemic area in at least the acute phase following ischemia, irrespective of complete or partial coronary occlusion.
